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malities but some diffuse symmetric high-voltage delta slow-
ing. A computed tomographic scan (Fig 1, A) showed a
venous thrombosis of the straight sinus extending into the
midsagittal sinus. Magnetic resonance imaging of the brain
(Fig 1, B and C) confirmed a central venous thrombosis
involving the sagittal sinus with a venous infarct of the right
occipital region with an associated hematoma. The patient
was started on a regimen of aspirin. Over the next 3 days she
continued to have a flaccid left arm and leg, but by postoper-
ative day 4 she was much more alert. By postoperative day 10
the patient was without seizures, moving all extremities, and
was discharged to her home. Her coagulation profile was nor-
mal except for reduced protein C activity. In the ensuing 7
months since the operation she has had no further seizures,
has normal strength bilaterally, and mild hyperreflexia of the
left ankle and left knee. She has good ventricular function
with normal growth and development. 
Discussion. Thromboembolic complications have been
noted in a high percentage of patients undergoing a success-
ful Fontan procedure. Rosenthal and coworkers2 reported an
incidence of 29%, the majority of thromboemboli occurring
in the systemic venous circulation and causing no symptoms.
The incidence of documented stroke after the Fontan proce-
dure is lower (3%-9%).3 Abnormalities of the coagulation
system may contribute to the high incidence of thromboem-
bolism in patients after the Fontan procedure, most likely as
acquired defects resulting from decreased hepatic synthesis.4
Cerebral venous thrombosis caused by thrombosis of the
major dural sinuses and adjacent dural veins has been report-
ed in a variety of clinical conditions including cyanotic heart
disease and hypercoagulable states. The superior sagittal sinus
is the most common site, but the thrombosis may involve lat-
eral sinuses or straight sinuses that drain into the internal
jugular vein. Thrombosis may extend to cortical veins lead-
ing to rupture and a hemorrhagic infarct of the white matter.
The clinical course is highly variable, and patients with cere-
bral venous thrombosis may have headache or focal physical
signs. Up to one third may have focal seizures. Outcomes are
also variable, with the majority of patients recovering with-
out sequelae.5 Improved imaging techniques make cerebral
venous thrombosis more readily identified, and mortality is
now estimated at 5.5%. Computed tomographic scan and
magnetic resonance imaging may be diagnostic for cerebral
venous thrombosis. Current recommendations for treatment
include complete anticoagulation with heparin for worsening
symptoms in the absence of associated hemorrhagic infarct. 
In conclusion, we report a case of cerebral venous throm-
bosis in a patient after a Fontan procedure. We suggest that
this group of patients may be particularly at risk for cere-
bral venous thrombosis because of sluggish flow in the
internal jugular vein, coagulation abnormalities associated
with the Fontan physiology, and increased cerebral venous
pressure. Investigation of neurologic problems after a
Fontan procedure should include magnetic resonance
imaging to detect cerebral venous thrombosis as a potential
treatable cause. 
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MODIFICATION OF ANTERIOR APPROACH TO SUPERIOR SULCUS TUMORS
Takamasa Onuki, Masahide Murasugi, Masahiro Mae, Yasuyuki Sone, Junichi Kei, and Sumio Nitta, Tokyo, Japan
A combination of radiotherapy and radical resection has
become the standard treatment for bronchogenic carcinoma of
the superior pulmonary sulcus. When an operative procedure for
the anterior type of superior sulcus tumor is applied, especially
with large vessel involvement, 2 approaches have been reported.
In the first approach, the clavicle is preserved or reconstructed,
but with deep narrow exposure. In the second, the clavicle is
resected, widening the operative field. In our study, with a mod-
ification of the second approach, bone structure, including parts
of clavicle, the anterior portion of the first rib, and the parts of
the sternum were preserved and reconstructed.
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Technique. The patient is placed in the supine position
with the neck hyperextended and the head turned away from
the operative side. A cervicothoracic incision is made from
below the ear along the sternocleidomastoid muscle (SCM),
the suprasternal notch, and the sternum to the xiphoid
process. Median sternotomy also follows this procedure. The
SCM is not divided but remains as a pedicle to be attached
with the bone flap as a musculo-bone graft. This consists of
the clavicle, which is divided at the third anterior portion; the
sternum, which is divided just distal to the first rib attach-
ment; and the first rib, which is divided 2 cm posterior to ster-
nal attachment (Fig. 1). This modified operation was per-
formed in 5 cases: bronchogenic carcinoma invading the
superior sulcus (2 upper lobectomies and 1 sleeve upper
lobectomy with pulmonary arterioplasty), invasive thymoma
after radiation therapy, and liposarcoma recurrence in the
right cervicothoracic region. Arterial or venous reconstruction
with polytetrafluoroethylene grafts were performed in 4 cases
(brachiocephalic artery, 1 case; superior vena cava, 2 cases;
right innominate vein, 1 case). At reconstruction of the bone
flap, sternum, and first rib were sutured with stainless steel
wire. In 2 cases the clavicle was aligned with Kirschner wires;
titanium-metal plates were used in the other 3 cases. Two
cases of lung cancer were treated with radiation therapy (1
patient died 6 months after the operation; the other patient is
alive with no cancer recurrence 18 months after the opera-
tion). A third patient died of bleeding in the pleural cavity
from plural metastatic lesions 2 months after the operation.
The fourth patient (invasive thymoma) received chemotherapy
and is alive 16 months after the operation. The fifth patient
(recurrent liposarcoma) received radiation and chemotherapy
and is alive 12 months after the operation. In all 5 cases, neither
flail chest nor wound complications including muscle-bone
flap necrosis occurred; but in the 2 cases in which Kirschner
wires were used, fixation of the clavicle became insufficient
2 months after the operation. A fracture was observed in 1 of
the cases in which a titanium-metal plate was used.
Comment. A wide operative field was gained by the use of
this modified approach, especially when pulmonary hilar dis-
section was necessary, as in the case of upper sleeve lobecto-
my with pulmonary arterioplasty. Reconstruction of bone
structure prevents flail chest. However, we think that a more
durable titanium-metal plate should be used in clavicle fixa-
tions because we cannot expect a normal healing process in
patients who are treated with radiation and/or chemotherapy
soon after an operation.
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Fig 1. When a pedicled musculo-bone flap consisting of the SCM and parts of the clavicle, first rib, and sternum
is turned up, broad exposure of the apex of the lung and the great vessels is gained.
